Sarcomas represent less than 1% of all malignant tumors found in the thyroid. Of these, primary extraosseoussarcoma has been reported only a few times in the past decade. We present the case of a 34-year-old male who had a fast-growing hard mass in the lower left neck. FNA was inconclusive. Core needle biopsy revealed the diagnosis of an Ewing sarcoma/primitive neuroectodermal tumor. Mutation of EWSR1 was confirmed using the FISH method. Following treatment by neoadjuvant chemotherapy, we observed clinical, radiological, and finally histopathological remission. This was followed by a left-sided isthmolobectomy with unilateral cervical lymph node dissection by lateral lymphadenectomy, which revealed no residual disease. Posttreatment radiotherapy was administered but discontinued upon the patient's request. After 18 months of observation, the patient had no recurrence or metastasis and required l-thyroxine supplementation. We discuss our case using a comparative literature review to the few other known case reports.
INtRoDUCtIoN
Sarcomas represent only a few percent of all neoplasms found in the thyroid, appearing in less than 1% of all patients treated for malignant thyroid tumors (1) . The most commonly found histological types are angiosarcoma, malignant hemangioendothelioma, malignant fibrous histiocytoma, leiomyosarcoma, and fibrosarcoma (2) .
Ewing sarcoma is most often found in children, being the second most common malignant bone tumor in this age group. However, its extraskeletal localization is found in approximately 20% of patients, most often in the thorax and abdomen (43%), with only 8% of these tumors being located in the head and neck region (3) .
We present the case of a patient who underwent successful multimodal treatment for extraosseous Ewing sarcoma located in the thyroid. Additionally, a comparative literature review of other reported cases was performed and is discussed.
MateRIaLs aND MetHoDs
For the literature review, PubMed, Google Scholar, and Medline databases were searched using the terms: thyroid sarcoma, Ewing sarcoma, extraosseous Ewing sarcoma. The search covered publications from 2007. Only papers describing primary tumors were considered and four fulltext articles were identified. Two other cases were extracted from a case series describing Ewing family tumors of the head and neck region although, thorough information regarding these cases is limited (4). Detailed available information regarding the reviewed cases is presented in Table 1 .
Of the reviewed cases (N = 7), most were adult males (5/7; 57.1%), 9-67 years, and all displayed growing neck masses without coexisting lymphadenopathy. All patients underwent surgical treatment. Standard chemotherapy regimen for Ewing sarcoma was administered to three of the seven patients, both pre-and postoperatively. One patient did not receive systematic treatment because of significant comorbidities. Information regarding chemotherapy for two of the patients was not available.
Diagnosis of Ewing sarcoma/primitive neuroectodermal tumor was made based on either a core needle biopsy or surgical specimen, and the reports confirmed that six out of seven patients displayed EWSR1 mutation on fluorescence in situ hybridization. One case lacked information on its EWSR1 mutation status. The initial cytological reports uncovered suspected hematologic malignancy in four of the five patients who had fine needle biopsy performed.
Our patient signed an informed consent and granted permission for use of his medical history in this publication.
Case pReseNtatIoN
Our patient, a 34-year-old male, working as a chef, visited a general practitioner with signs of upper respiratory tract infection, sore throat, and difficulties in swallowing. After undergoing a typical prescribed treatment for a cold, the patient's symptoms reportedly resolved. After 3 weeks and no signs of the disease, the symptoms recurred, however, this time, a palpable, fast-growing hard mass in the lower left neck was observed. An ultrasound of the neck revealed a large, solid, hypoechogenic, hypervascular mass with a heterogenous echostructure, and irregular margins in the left lobe of the thyroid. The tumor measured 79 mm × 44 mm × 84 mm and filled the entire left lobe, but was limited to the thyroid without signs of infiltration of the capsule or surrounding tissues (Figure 1) . No pathological lymph nodes were found, except for a few slightly enlarged oval-shaped ones lacking in pathological blood supply. Static elastography assessment showed normal stiffness of the tissue.
The patient was referred to the Department of Surgical Oncology, Medical University of Gdansk for further evaluation. A contrast-enhanced computed-tomography (CT) of the neck, thorax, and abdomen revealed a mass in the left lobe of the thyroid 58 mm × 58 mm × 60 mm, causing tracheal deviation (Figure 2) . A number of non-specific, oval-shaped lymph nodes up to 14 mm were found in the neck and upper mediastinum, with no other pathological lesions being found. A fine needle biopsy was then performed, which revealed a small-celled malignant neoplasm, most likely of hematological origin. Laboratory markers-TSH, T3, T4, LDH were in reference range, respectively: TSH 0.64 μU/ml (0.34-0.94), fT3 4.9 pmol/l (2.63-5.7), fT4 14.28 pmol/l (Figure 3) . Mutation in EWSR1 was confirmed using the FISH (fluorescence in situ hybridization) method.
After a multidisciplinary team consultation, which included surgical, medical, and radiation oncology opinions, the patient qualified for neoadjuvant chemotherapy with doxorubicin 25 mg/m 2 , cyclophosphamide 1,200 mg/m 2 , vincristine 2 mg, iphosphamide 3.6 g, etoposide 200 mg, and mesna. After six cycles of chemotherapy, a complete, clinical response was observed and the patient was referred for surgery. Left-sided isthmolobectomy with unilateral cervical lymph node dissection of groups II, III, IV, and V was performed, confirming clinical response to treatment (Figure 4) . Postoperative pathological examination reported complete response to therapy with no pathological lesions found in the thyroid. All 28 lymph nodes removed were free from malignant cells.
During the postoperative period, mild left-sided Horner's syndrome was observed, which resolved spontaneously after 2 weeks. The patient was discharged home on the fifth day following surgery and was then followed up during his visits to the surgical outpatient clinic until wound healing was complete. He then started adjuvant radiotherapy, which was discontinued because of dysphagia. The patient has currently undergone oncological follow-up and observation for 18 months with no signs of recurrence or dissemination of the disease. 16 months postsurgically, when TSH level was of 6.6 μU/ml (0.34-4.94) we started supplementation of l-thyroxine.
DIsCUssIoN
Ewing sarcoma/primitive neuroectodermal tumors are a group of small-, round-celled tumors, with different degrees of neuroectodermal differentiation (7) . These neoplasms are most commonly found localized in the skeletal system of pediatric patients. Primary extraosseous Ewing sarcomas of the thyroid are extremely rare and have only been reported a few times in the past decade. Other types of sarcoma such as angiosarcoma or malignant hemangioendothelioma are found more frequently, but still play a minor role in thyroid oncology.
Diagnosis of thyroid Ewing sarcoma based on its clinical and radiological features or even fine needle biopsy seems to be challenging. The clinical manifestation of malignancy can be a rapidly growing mass, sometimes described as swelling on the neck (5, 6, 9) . The disease displays no features of thyroid gland dysfunction, therefore, the thyroid hormones are within reference ranges. Using an ultrasound, a solid, heterogeneous, hypervascular soft tissue mass within the thyroid was found, which creates a difficulty of differentiating it from other thyroid malignancies (5, 7, 9) . Performing a fine needle biopsy did not obtain a proper diagnosis in any of the reported cases ( Table 1) . As shown in our review, using a cytological assessment, these tumors might mimic hematological malignancies, therefore, a core needle specimen should be taken to obtain a proper diagnosis and start adequate treatment.
Because of the scarcity of such cases, no guidelines regarding optimal treatment options are available. All the reviewed cases where detailed information of treatment was available underwent the typical treatment regimen for Ewing sarcoma; however, the timing of chemotherapy differed. According to NCCN guidelines for treatment of Ewing sarcoma, neoadjuvant multi-agent chemotherapy should be administered prior to local therapy (surgery or radiotherapy) (10). As expected, in the treatment of Ewing sarcoma of other organs, our case confirms the efficacy of neoadjuvant therapy. Despite the initially large tumor mass (CT 58 mm × 58 mm × 60 mm), following isthmolobectomy with unilateral cervical lymph node dissection, we did not find any malignant cells in the histopathological thyroid specimens. Previous case reports refer only to postsurgery chemotherapy, with the sole exception of neoadjuvant therapy, but the case lacks a response assessment from before surgery. With such a limited number of cases, it is impossible to assess which approach is better; however, we at least know that both are effective and neoadjuvant therapy can provide total remission.
Regardless of the timing, chemotherapy is crucial for treatment of this neoplasm.
Standard surgical treatment of Ewing sarcoma does not cover lymphatic resection (10). From the cases reviewed, cervical lymphadenectomy was performed for only one patient, only because medullary thyroid cancer was initially suspected. Postoperatively, lymph node metastases were found. The diagnosis was then verified as being Ewing sarcoma. A complimentary lymphatic resection was performed, which revealed metastases and the patient was referred for adjuvant chemotherapy. Only in our case was information regarding the lymph node ratio after neoadjuvant treatment available, and it showed no metastases in the cervical lymph nodes. In the other cases, where only wide surgical resection was performed, no nodal recurrences were observed. On the other hand, Chinese surgeons reported nodal recurrence of synovial sarcoma of the thyroid in a patient where neck dissection was omitted (9) . Therefore, based on the reviewed material, we cannot tell whether lymphadenectomy could be omitted for treatment of Ewing sarcoma of the thyroid. With limited data, coming mostly from case reports and case series, it is impossible to state clear recommendations.
CoNCLUsIoN
Extraosseous Ewing sarcoma of the thyroid is an extremely rare tumor. Neoadjuvant therapy can provide total histopathological remission before surgery. Because very few literature cases are described, it is difficult to establish a set standard of care. Our case seems to be a confirmation that the standard suggested treatment regimens for Ewing sarcoma can be safely applied for such patients.
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